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Abstract
Standing winter wheat (Triticum aestivum L.) residue can capture snow, reduce soil
erosion and water evaporation, and increase crop yields in semi-arid environments.
Solid-stemmed winter wheat (SSWW) varieties may remain standing longer in the
field; however, SSWW consistently yields less than conventional hollow-stemmed
winter wheat (HSWW). This research investigates if the negative economic impact of
yield loss of SSWW may be overcome by increasing the subsequent corn (Zea mays
L.) yield due to increased snow capture and soil moisture. The experiment covered
two cycles of a wheat–corn–fallow rotation in two separate fields between 2016 and
2019 near Sidney, NE. Five wheat varieties were tested (four varieties HSWW and
one SSWW). Treatments (variety) were arranged in a randomized complete block
design with four replications. ‘Warhorse’ (SSWW) and ‘Settler CL’ (HSWW) had the
lowest grain yield (2,119 and 2,153 kg ha−1, respectively) in a drier year. Warhorse
(SSWW) residue did not persist standing longer in the field compared with other
HSWW varieties. No advantage of SSWW over HSWW was observed in enhancing
soil moisture for years with average precipitation during the corn growing season, and
consequently, corn yield did not increase. These results suggest that SSWW should
be considered only if the risk of crop failure from wheat stem sawfly (Cephus cinctus)
would reduce HSWW grain yields below those achieved when using SSWW.
1 INTRODUCTION
Winter wheat (Triticum aestivum L.) ranks third in total
hectares grown in Nebraska, and the western part of the state
is responsible for approximately 80% of the state’s production
(USDA, 2020). Wheat production has persisted in the driest
areas due to its efficient use of water and the considerable
amount of residue produced (Fan, Wang, & Nan, 2018). Crop
residue can be beneficial in limited-resource environments
Abbreviations: HSWW, hollow-stemmed winter wheat; SSWW,
solid-stemmed winter wheat.
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by conserving water in semi-arid regions (Nielsen, Unger, &
Miller, 2005; Schlegel, Assefa, Haag, Thompson, & Stone,
2019a; Unger, 1992; Unger, Stewart, Parr, & Singh, 1991).
Also, the use of crop rotations of ≥3 yr has proven to be a
beneficial system in semi-arid regions (Davis, Hill, Chase,
Johanns, & Liebman, 2012; Nielsen & Vigil, 2018; Schlegel,
Assefa, Haag, Thompson, & Stone, 2019b; Schlegel, Dum-
ler, & Thompson, 2002), and a 3-yr rotation of wheat–corn
(Zea mays L.)–fallow is common in the High Plains of the
United States (Rosenzweig & Schipanski, 2019). Crop residue
remaining on the soil surface can enhance precipitation stor-
age by an estimated 15–35% as biomass is increased from 0 to
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10 Mg ha−1 (Nielsen et al., 2005). Undisturbed residue result-
ing from no-tillage practices in water-limited environments
has shown to positively affect crop yields in a crop rotation,
mainly in summer crops (Farooq, Flower, Jabran, Wahid, &
Siddique, 2011; Pittelkow et al., 2015; Rusinamhodzi et al.,
2011). Thus, maintaining crop residue in semi-arid regions is
beneficial for maintaining a sustainable system and decreas-
ing the risks of reduced yield by low soil water conservation.
The importance of crop residue on the soil surface for sus-
tainable agriculture is clear (Nielsen et al., 2005; Schlegel
et al., 2019b; Unger, 1992; Unger et al., 1991), but the ori-
entation of the residue in the field is also important. For
instance, standing crop residue or upright wheat stubble can
reduce wind erosion and soil water evaporation at higher lev-
els compared with residue lying flat (Bilbro & Fryrear, 1994;
McMaster, Aiken, & Nielsen, 2000). By definition, fallow is
the period from crop harvest to the following crop planting
(Nielsen et al., 2005). In the semi-arid High Plains, there is
approximately 10 mo of fallow between wheat harvest and
the planting of corn. Maintaining wheat stubble during this
period is important to provide a physical barrier for weeds
(Hoefer, Wicks, & Burnside, 1981), to avoid soil water use
by the invasive plant, and to capture moisture from rain and
snow, which can affect water accumulation during the fal-
low period. Black and Siddoway (1977) observed that taller
wheat stubble trapped fourfold more snow by volume, indicat-
ing soil moisture increased as stubble height increased. Sim-
ilar results were found by Hoefer et al. (1981), who observed
that standing wheat stubble trapped more snow in a crop rota-
tion of winter wheat–corn–fallow, resulting in greater water
accumulation during the fallow period, and, consequently,
subsequent corn yields were increased when compared to
plots where the stubble had laid down. Wheat can provide a
considerable amount of residue if harvested properly. More
wheat producers are using stripper headers combines, which
“strip” the grain from the spikes, leaving the entire stalk of the
plant standing and intact in the field (McMaster et al., 2000;
Michaelis, Vigil, & Henry, 2015). Practically all of the plant
stems persist upright in the field by using stripper headers,
which may result in slower residue decomposition due to less
contact area touching the soil, improved shading, and wind
speed reduction (Nielsen et al., 2005). After wheat harvest,
the standing stubble must persist as long as possible in the
field so that snow can be trapped during the fallow period and
melted in the spring in the same area (Smika, 1983).
The residue of solid-stemmed winter wheat (SSWW) vari-
eties has visually shown to persist vertically longer in the field
compared with conventional hollow-stemmed winter wheat
(HSWW) varieties (Kong et al., 2013). These SSWW varieties
are resistant to the insect wheat stem sawfly (Cephus cinctus),
which is a pest that has emerged as one of the biggest con-
cerns in western Nebraska. The area is located in one of the
highest infestation zones of sawfly in the country (Shanower,
Core Ideas
∙ Solid-stemmed winter wheat and hollow-stemmed
wheat had similar standing stubble persistence.
∙ Soil moisture during corn growing season was not
impacted by different wheat residue varieties.
∙ Hollow-stemmed wheat varieties had better grain
yield than solid-stemmed varieties.
∙ Solid-stemmed wheat residue did not enhance soil
moisture content or corn yield.
2003), and no commercial pesticides are registered in the
state. Wheat stem sawfly is a stem-mining insect that overwin-
ters inside HSWW varieties, primarily in dryland fields (Irell
& Peairs, 2014). The only available method used to minimize
yield damage caused by the sawfly is integrated pest manage-
ment, such as crop rotation, tillage, and resistant varieties like
SSWW (Beres, Dosdall, Weaver, Cárcamo, & Spaner, 2011;
Morrill, Kushnak, Bruckner, & Gabor, 1994). In general,
SSWW varieties have lower yield potential compared with
conventional HSWW due to the partitioning energy between
the solid stem and the grain (Weiss & Morrill, 1992). Also,
SSWW varieties currently planted in western Nebraska were
bred in Montana and are adapted to that area, which has longer
days and longer periods of cool temperatures (0–12 ˚C), which
advances wheat floral development and maturity (Anony-
mous, 2018). As a result, varieties bred in Montana have a
different genetic response to vernalization and day length than
Nebraska varieties, which can lead to later maturity when
planted in Nebraska and further limit their yield potential.
The SSWW varieties are more widely planted in regions
where sawfly has historically caused more proliferate yield
loss, such as Montana, North Dakota, and Canada (Beres
et al., 2011; Holmes, 1977), where up to 80% of yield loss
has been recorded due to lodging caused by sawfly (Knodel,
Shanower, & Beauzay, 2010). Due to the yield drag of SSWW
in western Nebraska, farmers have been resisting to plant
these varieties despite the yield losses on HSWW caused by
sawfly. Even though SSWW has a lower yield potential in the
area, the benefits of SSWW stubble residue potentially being
capable of standing longer in the field may outweigh its yield
drag by enhancing soil water conservation during the fallow
period and improving subsequent corn yield in the rotation.
There is limited research in the literature comparing SSWW
and HSWW beyond their use for sawfly control. Thus, this
research investigates if the negative economic impact of yield
loss of SSWW may be overcome by increasing the subse-
quent corn yield by enhancing soil water conservation during
the fallow period. We hypothesized that SSWW would stand
longer in the field compared with HSWW and, consequently,
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T A B L E 1 Planting date, seeding rate, and harvest date of wheat and corn in a wheat–corn–fallow rotation in two adjacent fields near Sidney,
NE, during the 2016–2017 and 2017–2018 growing seasons
Period Crop Planting date Seeding rate Harvest date
2016–2018 Winter wheat 20 Sept. 2016 56 kg ha−1 6 July 2017
Corn 9 May 2018 37,580 seeds ha−1 18 Oct. 2018
2017–2019 Winter wheat 13 Sept. 2017 56 kg ha−1 18 July 2018
Corn 13 May 2019 41,990 seeds ha−1 24 Oct. 2019
trapping more snow over the winter, result in increased soil
water content later in the spring/summer for corn production.
2 MATERIALS AND METHODS
A study was conducted at the University of Nebraska High
Plains Agricultural Laboratory, 10 km northwest of Sid-
ney, NE (41˚12′21″ N, 103˚0′41″W, 1,315 m asl). Köppen
(1884) defined the region with hot-dry summers and cold-
dry winters. The 30-yr average annual precipitation in the
area is 400 mm. The soil type is classified as Keith silt loam
soil (fine-silty, mixed, superactive, mesic Aridic Argiustoll)
(USDA-NRCS, 2019). The experiment was established in an
existing winter wheat–corn–fallow rotation between 2016 and
2019, with two cycles located in two different fields 100 m
apart. In the first cycle, winter wheat was planted in 2016
and harvested in 2017, and in 2018 corn was planted and har-
vested. The second cycle of the rotation was established in a
different field, and wheat was planted in 2017 and harvested
in 2018, and in 2019 corn was planted and harvested.
The experiment was arranged as a randomized complete
block design with four replications. Plots were 15 m wide and
15 m long in the first cycle and 13 m wide and 23 m long in
the second cycle due to differences in field shape and homo-
geneity. Treatment design consisted of five winter wheat vari-
eties: Husker Genetics ‘Pronghorn’, Husker Genetics ‘Set-
tler CL’, Husker Genetics ‘Robidoux’, Limagrain Cereal Seed
‘LCS Chrome’, and Montana Agricultural Experiment Station
developed ‘Warhorse’. Each variety was selected according to
its stem characteristics, and all the varieties except Warhorse
are HSWW and susceptible to sawfly. Pronghorn is a true tall
variety with a long stem (Baenziger et al., 1997). Settler CL
is a relatively short variety compared with other semi-dwarf
varieties (Baenziger et al., 2011). Robidoux has a good straw
strength despite its hollow stem (i.e., “strong stem”) and was
bred for semi-arid regions such as western Nebraska (Baen-
ziger et al., 2012). LCS Chrome has a weak straw strength
(i.e., “weak stem”) but excellent yield potential and grain
protein (Limagrain Cereal Seeds). Warhorse is a Montana
wheat variety and is a SSWW variety; thus, it is resistant
to wheat stem sawfly due to its stem solidness (Berg et al.,
2014).
Planting date, seeding rate, and harvest date for wheat and
corn are given in Table 1. For both cycles, wheat was planted
in a no-tillage field using a hoe drill spaced at 20 cm. Nitro-
gen was applied before wheat planting at 55 kg ha−1 in April
for the first cycle and in August for the second cycle. After
wheat planting, 10 kg ha−1 of N was applied over the spring
(April) for both cycles. Weeds were managed in wheat using a
pre-plant burndown of glyphosate (1.0 kg ai ha−1) in the first
cycle and glyphosate (1.50 kg ae ha−1) plus saflufenacil (31 g
ai ha−1) in the second cycle. Postemergence weed control in
wheat consisted of 2,4-D (0.45 kg ae ha−1) applied in the
spring before jointing. Weed control during fallow consisted
of glyphosate (1.0 kg ai ha−1) and saflufenacil (Sharpen,
BASF Corporation) at 90 ml ha−1 applied in August for both
cycles.
Corn (‘Croplan 3337’) was planted with a John Deere 1750
six-row planter with a row spacing of 76 cm. Before corn
planting, UAN (32–0–0) was applied in April at 90 kg ha−1
in the first cycle and 55 kg ha−1 in the second cycle. In the
second cycle, 75 g ha−1 of N–P–K (10–34–0) was applied in-
furrow at planting. Nitrogen was applied targeting yield goals
of 5,670 and 5,040 kg ha−1 in the first and second cycles,
respectively. Preemergence weed control in corn consisted of
atrazine (1.0 kg ai ha−1). In-season weeds were managed in
corn using glyphosate (1.50 kg ai ha−1) and dicamba (0.30 kg
ae ha−1) each year.
Wheat yield was measured at harvest (Zurn 150 universal
plot combine harvester, Zurn Harvesting GmbH & Co.) by
harvesting a 1.75-m strip through the center of the plot.
Care was taken to keep the header high to maintain as much
standing residue as possible. A large full-size combine with
a stripper header harvested the remaining wheat in the plot
area to leave a maximum amount of standing residue. After
harvest, wheat stubble was sampled periodically every other
month using hedge shears in a randomly selected area (0.25
m2) that was not previously selected within each plot. Three
types of biomass samples were collected: (a) total biomass, (b)
on-ground residue (lodged), and (c) standing residue (above-
ground). The wheat stubble samples were air dried for 1 wk
and weighed; weights were converted to kg ha−1 for analysis.
Soil water content was measured after wheat harvest and
during the corn growing season using a neutron probe (503D
Hydroprobe, CPN International). Soil water content was
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F I G U R E 1 Monthly temperature means and total precipitation throughout 2016–2019 and 70-yr historic monthly average temperature precipi-
tation in Sidney, NE
recorded from July to October 2018 in the first cycle. In the
second cycle, soil water content was recorded from October
2018 following wheat harvest until July 2019, which corre-
sponds to the end of mass grain gain on corn. Measurements
were taken in 15-cm depth intervals of the soil profile to 90 cm
depth in the first cycle and 75 cm depth in the second cycle
due to a shallow soil profile. A shallow soil profile prohib-
ited sampling at further depths in the second cycle. Neutron
tubes were installed at the center of each plot in three repli-
cates, and readings were taken every other month. The neutron
readings were converted into soil water content values using
a site-specific conversion equation that was developed using
gravimetric soil water and soil bulk density measurements.
The center two rows of corn were harvested using a two-row
plot combine in each plot, and grain yield, moisture, and test
weight were recorded.
Response variables, including wheat yield, wheat biomass,
soil water content, and corn yield, were analyzed separately
using ANOVA with the GLIMMIX procedure in SAS 9.4 soft-
ware (SAS Institute). Pearson correlation among the response
variables was conducted. Treatments were the wheat vari-
eties, and each plot replication was considered a block in
line with the spatial variation in the field. Mean comparisons
were made among treatments using LS means at α = .05.
Wheat yield data were analyzed as a balanced incomplete
block design in the first year due to spatial variation in the
field, and therefore the experiment was blocked by pass/row
instead of a range. To analyze wheat yield and corn yield,
each model included the fixed effect of wheat variety, with
blocks considered as random effect. Soil water content and
biomass were analyzed as repeated measurements, and the
model included the fixed effects of wheat variety and date
with the interactions as dependent variables, with blocks con-
sidered as a random effect. Regression for wheat biomass over
time and soil water content over time was completed for each
variety using the GLIMMIX procedure in SAS 9.4 software
(SAS Institute), in which variety and date were included as
fixed effects and blocks were considered a random effect.
3 RESULTS AND DISCUSSION
3.1 Wheat yield
Precipitation varied considerably during each wheat growing
season from September to July (Figure 1). Precipitation was
historically below average (311 mm) during the first wheat
growing season (2016–2017), especially at planting (Septem-
ber) and flowering and grain filling (June–July). In the second
year, rainfall was above average (465 mm). Although the sec-
ond year had considerably more precipitation, grain yield was
less than the first year for all varieties except Warhorse due
to hail damage in May (Table 2). Warhorse, being a Montana
wheat, matures later compared with Nebraska adapted wheat,
and this delay in heading likely reduced the amount of grain
lost to shatter from the hail.
In the first year, wheat yield differed among varieties
(P = .0324; Supplemental Table S1) (Table 2). Pronghorn
and LCS Chrome had greater grain yield than Warhorse and
Settler CL, whereas Robidoux showed no differences among
varieties. Overall, wheat yields in this experiment were less
than yields observed in a nearby winter wheat state variety
testing trial (Institute of Agriculture and Natural Resources,
2017) due to late planting. Warhorse also had the lowest yield
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T A B L E 2 Grain yield of five varieties of dryland winter wheat in two adjacent fields near Sidney, NE, in 2017 and 2018
Yield
Wheat variety Stem characteristic 2017 2018
kg ha−1
Pronghorn Hollow and tall 3,138aa 2,664a
LCS Chrome Hollow and short 3,100a 2,052a
Robidoux Hollow and strong straw strength 2,915ab 1,996a
Settler CL Hollow and weak straw strength 2,153b 1,762a
Warhorse Solid-stemmed 2,119b 2,618a
aMeans within each column followed by the same letter are not significantly different at α = .05 level using least-squares means.
F I G U R E 2 Linear regression analysis of
total biomass of winter wheat residue from five
wheat varieties collected in 2018 near Sidney,
NE, during the subsequent corn growing season
compared with other varieties in the variety testing report,
which confirms the low yield potential for Warhorse in the
area.
In 2018, grain yield did not differ among varieties
(P = .371; Supplemental Table S1) (Table 2). A spring freeze
event, followed by a late-season hail event, may have also
affected yield data (Klein, 2006). Using summarized data
across western Kansas from 1955 to 2010, Holman, Schlegel,
Thompson, and Lingenfelser (2011) reported that freeze dam-
age has the potential of reducing wheat yield to 216 kg ha−1
and that freezing injury is more likely to affect drought-
stressed wheat in a dryland system rather than irrigated wheat.
3.2 Biomass persistence
Wheat varieties did not differ in the persistence of total
biomass, standing residue, and lodged residue in both years
(P > .05; Supplemental Tables S2–S4). This suggests that
all varieties had the same residue persistence in the environ-
ment tested and that wheat variety did not influence biomass
decreasing over time. Sampling date (month) affected the
amount of biomass collected, and the residue varied in differ-
ent months, which is expected because biomass is reduced and
converted into organic matter over time (Salamanca, Kaneko,
& Katagiri, 2003). The absence of an interaction between
variety and sampling date shows that there is no difference
between the slopes of the regression lines for the different
varieties (Figures 2 and 3).
In the first cycle, wheat residue was collected during the
corn growing season due to personnel changes that limited the
ability to collect the residue when originally planned. From
the first sampling date in June to the last in October, total
residue losses ranged from 61 to 68% among varieties (Fig-
ure 2). Initial average weight ranged from 12,600 to 9,370 kg
ha−1, and final weight ranged from 4,075 to 3,625 kg ha−1.
Similar results were found by Stott, Stroo, Elliott, Papendick,
and Unger (1990) in a study about wheat residue loss, in
which they observed that wheat residue loss was 50% in plots
after 1 yr, where the initial weight was 6,720 kg ha−1 and the
final weight was 3,360 kg ha−1. Linear regression analysis on
biomass showed that biomass decreased over time (Figure 2),
and there was no difference between the slopes of the regres-
sion lines for the different varieties, confirming the results
found in the ANOVA table (Supplemental Table S2). Biomass
decreasing over time from June to October is likely due to
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F I G U R E 3 Linear regression analysis of
total biomass of winter wheat residue from five
wheat varieties collected in 2019 near Sidney,
NE, during the subsequent corn growing season
F I G U R E 4 Biomass of standing wheat
residue collected near Sidney, NE, from five
varieties in June and August of 2018 after
fallow period and during the subsequent corn
growing season. Error bars represent SE
higher precipitation and temperatures between these months,
which accelerates residue decomposition (Taylor et al., 2017).
In the second cycle, biomass sampling occurred during the
fallow period, and the last sampling date occurred in July (dur-
ing corn growing season) because attempts to collect biomass
at a later date were unsuccessful due to inadequate biomass.
Shredded corn leaves and stalks from the hail event littered the
ground, making separation of the remaining wheat residue dif-
ficult. Total wheat biomass production dropped by nearly 50%
compared with the first year. The reduction in initial biomass
produced was possibly caused by an early freeze, the hail
event, and the greater rainfall amounts in 2019, causing the
residue to decompose faster (Berry et al., 2004; Schomberg,
Steiner, & Unger, 1994). Increased precipitation can enhance
residue decomposition because water positively affects the
biological processes of biomass and organic matter turnover
in the soil (Salamanca et al., 2003). A greater reduction in
residue was observed from July 2018 to July 2019 and ranged
from 88 to 93% (Figure 3). Stott et al. (1990) also found higher
residue loss rates in plots where initial residue weight was
lower (1,680 kg ha−1) at harvest, with approximately 75%
residue loss. These results also agree with the findings of
Brown and Dickey (1970) under simulated field conditions,
in which the percentage of losses in wheat straw residue was
inversely related to initial residue amounts. The main effect of
sampling date confirms that biomass changed over time. Lin-
ear regression showed a nonsignificant interaction, indicating
no difference between the slopes of the regression lines for
the different varieties, and also indicated biomass decreased
in the latter months (Figure 3).
Standing residue biomass had the same persistence among
varieties in both years (Figures 4 and 5), indicating that
lodging rates after wheat harvest were the same for all
varieties. In the first year, standing residue sampling occurred
during the corn growing season and the last sampling event
was in August (Figure 4); in the second year, sampling started
during the fallow period and the last sampling date was in
July, which resulted in a small amount of biomass (Figure 5),
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F I G U R E 5 Biomass of standing wheat
residue collected from five varieties near
Sidney, NE, in October of 2018 following wheat
harvest and during the fallow period and the
subsequent corn growing season in March and
July of 2019. Error bars represent SE
indicating that wheat stubble remained standing longer
in the first year compared with the second year. Reduced
rainfall in the first year likely slowed the degradation of the
residue (Berry et al., 2004; Schomberg et al., 1994). Reduced
precipitation, combined with a greater amount of initial
residue in the first year, resulted in greater residue biomass
collection later into the subsequent year.
Pronghorn is a true tall wheat variety, and it does not
have the dwarfing gene. The dwarfing gene reduces plant
height, which reduces, but does not eradicate, lodging risk
(Berry et al., 2004) especially in the presence of wheat stem
sawfly. In this experiment, Pronghorn, being the only non-
semi-dwarf variety tested, had the same standing residue per-
sistence as other varieties that are semi-dwarf (Settler CL,
Robidoux, LCS Chrome, and Warhorse) and are less likely
to lodge. Warhorse (SSWW), which was anticipated to have
stubble with greater standability, did not differ from the oth-
ers in stand longer in the field after wheat harvest. A pre-
vious study showed that SSWW varieties were more resis-
tant to lodging compared with HSWW (Kong et al., 2013);
thus, SSWW stands longer in the field during the wheat grow-
ing season. However, little research has been done on stand-
ing stubble behavior following wheat harvest. In the current
study, SSWW (Warhorse) stubble residue had the same stand-
ing behavior as HSWW (Pronghorn, Settler CL, Robidoux,
and LCS Chrome) stubble residue.
3.3 Soil water content
No differences in soil water content were observed among
the five varieties for both cycles when averaging all depths
(P > .05; Supplemental Table S5), suggesting that the vari-
eties did not differ in soil moisture conservation. It is not sur-
prising that soil moisture was similar among varieties because
these results tie in with a lack of differences in stubble residue
persistence. The sampling date had a significant influence on
soil water content (P < .0001; Supplemental Table S5), indi-
cating soil moisture is prone to vary throughout the year, likely
due to variation in rainfall (Bell, Sherry, & Luo, 2010; Week-
ley, Gagnon, Menges, Quintana-Ascencio, & Saha, 2007). It
is important to consider that, shortly after winter wheat har-
vest, soil water content remaining in the soil profile is unequal
among the plots due to differences in wheat yield because
the water removal by each variety is unequal. One potential
limitation in the study was the lack of barrier controlling the
water movement among the plots in the field. This way, the
water probably re-equilibrated in the shallower layers of soil
throughout the months of the study.
In the first year, precipitation during the corn growing sea-
son (May–October) was equivalent to the average for the area
(400 mm), and in the second year, the precipitation was above
average (530 mm). Average or above-average precipitation
may have inhibited our ability to detect differences in soil
water content among varieties because these differences are
likely more pronounced under drought conditions. Regression
analysis showed that soil water content best fit a linear model
in the first year (Figure 6) and a quartic polynomial model in
the second year (Figure 7).
Analyzing the data by depth, a variety × sampling interac-
tion date was only observed at 75 cm in the first year (P= .038;
Supplemental Table S6). At 75 cm, Robidoux had the low-
est soil water content in most instances. In July, Robidoux
had lower soil water content compared with Settler CL, LCS
Chrome, and Pronghorn, whereas Warhorse showed no differ-
ence from any other variety in soil water content that month
(Figure 6; Supplemental Figure S3). In August and Septem-
ber, Robidoux had lower soil water content compared with
all the other varieties. In October, Robidoux had significantly
lower soil water content than Settler CL but was not differ-
ent from the other varieties. Differences in soil water con-
tent at 75 cm were probably due to the minor tendency of
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F I G U R E 6 Soil water content across all
depths (15–90 cm) during the 2018 corn
growing season following five wheat varieties
with different residue types near Sidney, NE.
Regression line equations to predict the soil
water content by sampling date for each variety
are YPronghorn = 0.4482 − 0.03201x;
YSettlerCL = 0.4811 − 0.03201x;
YRobidoux = −0.158 − 0.03201x;
YLCSChrome = 0.472 − 0.03201x; and
YWarhorse = 0.4577 − 0.03201x
F I G U R E 7 Soil water content across all
depths (15–75 cm) in 2018 after wheat harvest
and in the 2019 corn growing season following
five wheat varieties with different residue types
near Sidney, NE. Regression line equations to
predict the soil water content by sampling date
for each variety are YPronghorn = 0.49753 −
0.461x + 0.2218x2 − 0.03787x3 + 0.002153x4;
YSettlerCL = 0.5124 − 0.461x + 0.2218x2 −
0.03787x3 + 0.002153x4; YRobidoux = 0.4969 −
0.461x + 0.2218x2 − 0.03787x3 + 0.002153x4;
YLCSChrome = 0.4901 − 0.461x + 0.2218x2 −
0.03787x3 + 0.002153x4; and
YWarhorse = 0.5145 − 0.461x + 0.2218x2 −
0.03787x3 + 0.002153x4
soil moisture variation in deeper soil layers (Weekley et al.,
2007).
In the second year, a variety × sampling date interaction
was significant at depths of 15, 30, 45, and 75 cm (P < .0001;
Supplemental Table S7). LCS Chrome and Pronghorn were
significantly lower than Robidoux at 75 cm in March. In July,
which corresponds to the middle of grain filling for corn, LCS
Chrome was significantly higher than Pronghorn at 15 cm.
At depths of 30 and 45 cm, the interactions occurred due
to variation in soil water content among the months and not
due to wheat variety residue. Although the variations in soil
water content were significant at these dates and depths, there
was no effect on corn yield. Differences in deeper levels of
the soil profile were also noted by Greb, Smika, and Black
(1967). In their study, more than 70% of the net gain of
water was below 60 cm, which means that the soil water con-
tent of the shallow layers of the soil is highly dependent of
rainfall rather than on soil storage or conservation by only
residue.
3.4 Corn yield
No differences in corn yield were seen for both years
(Table 3). Warhorse stubble, being the SSWW, did not show
T A B L E 3 Grain yield of dryland corn planted on wheat stubble of
five winter wheat varieties with different types of residue in 2018 and
2019 near Sidney, NE
Yield
Wheat variety residue 2018 2019
kg ha−1
Pronghorn 4,261 4,719
Settler CL 4,297 4,466
Robidoux 4,059 3,970
LCS Chrome 4,238 4,515
Warhorse 4,078 4,431
Note. There were no statistical differences at the α = .05 level using least-squares
means.
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an advantage over HSWW stubble in enhancing soil moisture
in years with average precipitation during the corn growing
season, and, consequently, corn yield was not increased. Pear-
son correlation was performed among all variable responses
(soil water content, wheat biomass, and corn yield; data not
shown), and no significant correlation was found. The first
year received the average precipitation for the area during the
corn growing season, and the second year had above-average
precipitation, which explains the higher yield (Figure 1). Sim-
ilar results were found by Black and Siddoway (1977), who
stated that, in a wet year with precipitation 30% above nor-
mal, wheat grain yield that was seeded on standing stubble
was not influenced by soil water storage during the previous
spring but was influenced by monthly rainfall. Also, in the
second year, wheat stubble amounts were less than in the first
year, which may have contributed to higher yields. Increasing
crop residues on soil can decrease corn yield even under ade-
quate water availability (Motazedian, Kazemeini, & Bahrani,
2019). This is likely due to N immobilization, changes in soil
temperature, hosting diseases, and/or physical impediments to
crop establishment and seeding rates (Kravchenko & Thelen,
2007; Pittelkow et al., 2015).
Studying the effects of different levels of wheat residue
on sweet corn yield under distinct water availability (50, 70,
and 100% of water requirement), Motazedian et al. (2019)
found that the presence of wheat residue led to sweet corn
yield improvement when water stress occurred. In the same
study, wheat residue did not affect sweet corn yield with
adequate water availability. Although soil water content was
lower at 75 cm for Robidoux in the first year, corn yield was
not reduced because water uptake is mostly concentrated in
the first 60–75 cm of soil (Djaman & Irmak, 2012; Laboski,
Dowdy, Allmaras, & Lamb, 1998).
4 CONCLUSIONS
This research demonstrated that SSWW upright stubble does
not persist standing longer in the field compared with HSWW
after wheat harvest. Soil water content was not different
among the plots during the study, and, consequently, corn
yield was not increased. The SSWW did not show greater
benefit compared with HSWW in enhancing soil water con-
servation during the fallow period or in increasing corn yield.
In this case, SSWW would only be recommended in western
Nebraska if the risk of yield loss from wheat stem sawfly is
greater than the reduced yield of using SSWW.
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